crease of all donations from donors 60 years, a constant percentage from donors <30 years but a declining proportion of donors aged 30-59 years from 2010 to 2013 to 2016. In parallel, annual mean WB donation frequencies decreased over time. Deferrals due to travel history increased significantly from 2010 to 2015 both in FTD and repeat donors. Conclusion: There is ongoing demographic change in our WB donor population. Our data prove a need for a re-evaluation of retention and recruitment strategies since previous marketing campaigns seem to have neglected the age group 30-59 years. This must be addressed in further studies as this age group will be highly relevant for assuring future blood supplies since donor recruitment from adolescents will be limited due to declining birth rates. Furthermore, deferral due to travel history is increasing significantly. Thus we will require further studies on the possible impact on donor retention.
Introduction
Currently, the population structure of many Western countries is changing sustainable due to declining birth rates on the one side and an increasing life expectancy on the other. This shift also leads to a disproportional increase of older patient groups with malignancies and chronic diseases [1, 2] while, in parallel, therapeutic advances in haemato-oncology such as allogeneic stem cell transplantation and increasing numbers of major surgical procedures have resulted in a steadily growing demand for blood products for a very long time [3, 4] . The fact that a larger number of older pa-
Keywords
Demographic change · Total whole blood donations · Mean annual donation frequency · Return probability · Donor age · Medical reasons for deferral · First-time donors · Repeat donors Summary Background: In the recent past, the discrepancy between blood supply and future demand may have been overestimated. As medical progress develops rapidly, it will be essential to monitor ongoing demographic changes in the donor population regularly and to re-evaluate retention and recruiting strategies. The aim of the current study was to compare first-time donor (FTD) characteristics and their return rates. We therefore compared whole blood (WB) donations in total and the annual donation frequencies in 2010 and in 2015/2016. Furthermore, we evaluated whether over the same observation period, medical reasons for deferral underwent a change (2010 vs. 2015) . Methods: The return probability of FTD within 12 months was analysed in 2010 and 2015 with respect to successful donation versus deferral and with regard to age. The total number of WB donations was investigated, and age distribution was compared between 2010, 2013 and 2016. WB donation frequencies were calculated with respect to age and gender in 2010 and 2016. In a second analysis, medical reasons for deferral were differentiated into 14 categories and a possible impact of time (2010 vs. 2015) on the respective percentage was studied. Results: We observed a significant decline of the FTD return rate from 42.5% to 38.8% in donors that successfully donated WB while the rate remained unchanged in deferred FTD. At the same time the mean FTD age decreased from 29.1 ± 11.6 to 28.5 ± 11.7 years in 2016. Analysis of total WB donations revealed an in-tients have become eligible for these procedures has even contributed to an acceleration of this development. As the demographic change not only increases the number of patients requiring blood products but also reduces the eligible blood donor population [5] , this has up to date been considered to be one of the biggest challenges for transfusion medicine in the coming two decades, requiring sustainable efforts to prevent blood shortages in many Western countries [1, 6] .
However, current publications on blood demand and safety are heterogeneous. Although the supply of blood products has been satisfactory in the US up until now, several reports predict shortages, especially of red blood cell (RBC) concentrates, until 2030 [7] , a previous study from the UK rather estimates a stable supply/demand ratio for the next 20 years [8] . However, in Germany, despite distinct regional differences, the overall blood donor population has already started to shrink since 2015 and is estimated to decrease by 25-33% until 2060 [9] . Thus, new concepts will be essential to meet future blood demands and motivate people of all age groups to donate blood. Notably, only 3-4% of the German population are currently repeat blood donors (RD) [10] . However, during the recent years it has become obvious that in addition to the demographic changes advanced concepts in transfusion practice have additional impact on the blood demand. Many efforts have been initiated to reduce the number of blood transfusions. One is the patient blood management concept, initiated as a patientcentred, multidisciplinary approach to reduce the need for allogeneic blood transfusions. Furthermore, clinical studies indicate that restrictive transfusions regimes of RBCs may not negatively influence the outcome in various patient groups versus liberal transfusion regimes [11] and the increase of less invasive treatment strategies that have become available also will require less transfusions [12] .
Even though the discrepancy between blood supply and demand for the coming decade may have been overestimated, it will be essential to observe this relationship very closely in order to provide a safe and adequate blood supply in the future. Thus it was the aim of this study to closely monitor the ongoing demographic change in our donor population. As donor recruitment among adolescents will be limited in the future, we particularly focussed on first-time donor (FTD) characteristics and return behaviour in order to review current recruitment and retention concepts. Moreover, retention strategies will also be increasingly relevant for RD. Therefore we investigated medical reasons for deferral, since deferral from whole blood (WB) donation may not only result in a temporary but also a permanent donor loss putting the donor loyalty to the test [13, 14] . Ongoing monitoring of deferral reasons will also be essential in the future in order to permanently match information and promotion strategies concerning blood donors.
Materials and Methods

Donors and Eligibility Criteria
All data were generated from the database of the German Red Cross Blood Service Baden-Württemberg -Hesse. Further analysis was done using 11gRs (Oracle, Redwood City, CA, USA) and SAS 9.0 (SAS Institute, Inc., Cary, NC, USA) Only allogeneic WB donations, either from mobile or in-house collection sites, were considered for analysis, autologous donations were excluded. Donor selection was performed according to the national guidelines except for the donor age (FTD were admitted if younger than 65 years of age, RD if younger than 72 years of age [15] . RD were considered to be donors when they had donated at least twice within 5 years.
Analysis of Return Probability of FTD
The return probability of FTD was calculated as follows: number and percentage of individuals that returned within 12 months after a first WB donation attempt and categorized as: i) all donors, ii) donors with successful WB donations at the first attempt iii) donors with temporal deferrals at the first attempt. 
Determination of Annual WB Donations and Donation Frequencies
Age (18-72 years) and sex-related total numbers of annual WB donations were obtained by considering all donations that were given between January 1, and December 31, 2010, 2013 and 2016. According to National German Guidelines, the maximum annual number of WB donations is 6 for male and 4 for female donors. For the determination of the sex-and age-related (18-72 years) donation frequency, all donors that donated at least once between January 1, and December 31, 2010 and 2016 were included in the calculation. The individual donation frequency was determined as follows: number of WB donations between the birthdays in 2009 and 2010 (donation frequency 2010) and between the birthdays in 2015 and 2016 (donation frequency 2016). Furthermore, the age of all FTD was determined, and the mean age was compared (2010 vs. 2016).
Analysis of Donor Deferral Rates and Medical Reasons for Deferral
Blood Donor Questionnaire All WB donors were provided with educational material describing the donation process and possible risk factors potentially influencing the safety of the blood product or the donor directly. Furthermore, they had to answer detailed medical questions of the current Blood Donor Questionnaire (BDQ) of the German Red Cross Blood Service Baden-Württemberg -Hesse, approved of by the Paul-Ehrlich-Institute.
Medical Reasons for Deferral
As there are numerous different medical reasons for deferral from a WB donation, deferral reasons were classified into 14 categories for further statistical analysis (table 1) . Medical reasons for deferral were analysed with respect to the year (January 1, to December 31, 2010 vs. January 1, to December 31, 2015) and donor status (FTD vs. RD).
Statistical Analysis
Statistical analyses were performed with commercially available software for personal computers (SAS software release 9.2, SAS Institute, Inc., Cary, NC, USA). For analysis of the FTD return rates and total WB donations per age group, the chi-square test for 2 or 3 categories was applied, including odds ratios and 95% confidence intervals (95% CI). FTD age was compared with the Tukey-Kramer Test. In order to analyse the mean annual WB donation frequency, with respect to donor age, sex and year, Pearson's correlation coefficient was determined. The distribution of the various categories of deferral reasons was analysed performing the chi-square or the Fisher's Exact Test including odds ratios and 95% CI. fig. 1a-c) .
Results
Return Probability of FTD
FTD Donor Age
Mean FTD age was 29.1 ± 11.6 years in 2010 versus 28.5 ± 11.7 years in 2016 (p < 0.0001).
Total WB Donations
Numbers and characteristics of whole blood donations in the study period collected by our blood service in South-West Germany is given in figure 2 . While the total number of WB donations decreased constantly over time, the number of WB donations from donors 60 years of age and older increased in absolute numbers 
WB Donation Frequency
Analysis of mean annual WB donation frequencies in WB donors revealed a strong age-correlated frequency for both females and males (2010: r = 0.950, p < 0.0001; r = 0.930, p < 0.0001; 2016: r = 0.884, p < 0.0001; r = 0.880, p < 0.0001) ( fig. 3 ). As expected, the overall mean annual WB donation frequencies were significantly higher in male versus female donors (2.0 vs. 1.67; p < 0.0001). At the same time, overall mean annual WB donation frequencies decreased significantly from 2010 to 2016 (1.86 vs. 1.81; p < 0.0001). -FTD: foremost significant increase of deferrals due to risk of infection as a result of travel history (4). -RD: significant increase of deferrals due to risk of infection as a result of travel history (4), low haemoglobin (11) and simultaneous decrease of deferrals due to risk of infection (without travel history) (5) and medical interventions (7).
Discussion
Until 2010, there has been a steady increase in the demand for cellular blood products in Germany [4] . In parallel, the blood donor population is shrinking substantially in many Western countries due to declining birth rates and to the fact that large cohorts of blood donors reach the age limit for WB donation [9, 16] . As this development will even accelerate during the next 15 years [3] , the expected supply gap was considered to be one of the biggest challenges for transfusion medicine in the future [1, 4] . However, the situation is even more complex, and additional parameters such as transfusion practice or most recent medical progress [12] also impact substantially the demand of blood products.
Hence it is essential for blood donor services to analyse both the regional blood demand, considering local demographic changes of the population, i.e. potential patients and the transfusion policy of the supplied hospitals, and the demographic transformation of the blood donor population. As medical progress develops so quickly, this has to be an ongoing process in order to permanently adapt blood recovery strategies and ensure a safe and reliable blood supply.
Demographic changes affecting the blood donor population are predictable many years in advance. As the recruitment of young FTD will be limited in the coming years due to the declining birth rates, it will become increasingly relevant to improve donor retention especially of young FTD since it is known to be lower than in RD [13] . Therefore we compared the return behaviour of FTD in 2010 versus 2015. Even though corresponding birth rates (1980) (1981) (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) and absolute numbers of 18-to 30-year-olds remained stable or even increased slightly in Baden-Württemberg and Hesse, we observed a substantial decrease of FTD from 86,995 in 2010 to 66,163 in 2015. This may be explained by reduced donor recruitment activities due to a decreasing demand of blood products at the same time. However, we observed a significantly reduced return rate for a second WB donation attempt within the following 12 months among all WB donors ( fig. 1a) . Interestingly, this decrease must solely be ascribed to a reduced return rate of donors with successful WB donations, whereas the return rate of temporally deferred donors, which is as expected much lower, remained unchanged ( fig. 1b, c) . In parallel the mean age of FTD decreased from 29.1 years in 2010 to 28.5 years in 2015. This observation requires further attention and should be addressed in further studies to establish a possible connection between both developments as it may be highly relevant for future FTD marketing campaigns.
In previous studies we described that the risk of adverse reactions in RD is age-correlated and higher in younger individuals [17] . As it is well known that adverse reactions such as syncopaltype reactions negatively impact on donor motivation and return probability [13, 14] , it would be of great interest whether this correlation is also valid for FTD. An age-correlated risk of adverse reactions in FTD could possibly explain why we observe decreasing return rates and a decreasing mean age of FTD in parallel. However, our data indicate that younger individuals may have been recruited very effectively, which can be considered as a success, but at the same time FTD from older age groups such as those >30 years must not be neglected. As the age limit has been extended several times in many blood services, these cohorts may still be valuable WB donors for several decades.
In a most recent publication, it was described that in the Federal State of Mecklenburg-West Pomerania in North-East Germany the age distribution of WB donors shifted from 2005 to 2010 by 5 years [3] . Thus, we examine this finding in a larger scale in our donor population of Baden-Württemberg and Hesse as demography differs to that of the North-East of Germany. However, our data from 2010 and 2016 confirm a shift of the age cohort with the maximum 3 peak values of WB donations from 44-46 (2010) to 47-49 (2013) and 50-52 years (2016). Hence it seems to be the same baby-boomers years, i.e. [1964] [1965] [1966] , that contribute currently the maximum number of WB donations ( fig. 2 ). In accordance, we observed a relative increase of WB donations from donors 60-72 years of age, affirming a continuous aging process in our donor population. In contrast, the percentage of donations from middle-aged donors (30-59) declined steadily, indicating that this age group will require more attention in the future and may have been neglected in the past when recruitment strategies and scientific interest mainly focussed on elderly [17, 18] or young donors [19] . Notably, donations from donors younger than 30 years of age remained unchanged at the same time. This differs from the results in the North-East of Germany, presumably due to strong migration of young people from rural areas to the industrialized areas in the South-West.
We further analysed medical reasons for deferral both in FTD and in RD, as deferral from WB donation not only results in temporary but permanent donor loss [13, 14] . Insufficient information about deferral reasons, deferral periods or the option to return may negatively impact on donor loyalty. Our results show that the distribution of deferral reasons differs significantly between FTD and RD. Besides miscellaneous and permanent exclusion, the risk of infection without travel history is the most frequent reason among FTD in 2010 and 2015. However, risk of infection due to travel history represents the fastest growing deferral category in 2015 versus 2010. In contrast, in RD it is low haemoglobin and medical interventions that represent the most frequent deferral reasons both in 2010 and 2015, but, again, it is the risk of infection due to travel history that shows the largest relative increase from 2010 to 2015, indicating a growing relevance of overseas travel for blood donation.
Our study has limitations, as it is a retrospective analysis of a supra-regional not-for-profit blood donor service in the SouthWest of Germany. Furthermore, data were collected in a period of decreasing demand for blood products. Thus comparability to other regions or other blood donor services in Germany may be limited. However, our data reveal a detectable ongoing demographic change in our WB donor population. Despite the fact that the total number of WB donations has declined from 2010 to 2016 due to a reduced demand, we also observe a declining return rate and mean age of FTD in parallel. This indicates not only that we have to revaluate our donor retention strategies for the future, but also raises the question whether FTD marketing campaigns may have neglected the age groups 30 years plus in the recent past. A declining percentage of total WB donations from donors 30-59 years from 2010 onwards underlines that this age group requires even more attention as donor recruitment from adolescents will be limited in the future. In order to permanently improve WB donor retention, it will also be relevant to investigate the impact of specific deferrals on retention as distribution of medical deferral reasons changes over time as we have shown here and thus requires constant evaluation and subsequent adaption in order to ensure an adequate and safe blood supply in the future.
